OBJECTIVE: To describe factors associated with long-term maintenance of weight loss. DESIGN AND SUBJECTS: We identi®ed initially overweight individuals (body mass index b 27 kgam 2 , n 911) from the nationwide Finnish Twin Cohort and studied those who lost at least 5% of their body weight between 1975 and 1981. Subjects who had maintained weight loss until 1990 (38 men, 17 women) were compared to both re-gainers (28 men, 26 women) and the other overweight subjects in the cohort. MEASUREMENTS: Self-report data on weight, height, health behaviours and perceived well-being; self-report and register-based data on health status and use of medication. RESULTS: Only 6% of all overweight individuals lost and maintained at least 5% weight loss. In men weight loss maintenance was associated with a low level of stress and health-promoting behaviours but also with medical problems. Failure to maintain weight loss seemed to be associated with stressful life and past high alcohol intake. In women weight loss maintenance was associated with low initial well-being and health-compromising behaviours that improved after weight loss. CONCLUSION: Long-term weight loss maintenance is rare. Predictors of weight loss maintenance are different between women and men.
Introduction
The weight of many obese individuals varies. Weight changes in adults appear to be determined mainly by environmental effects, 1 including health promoting behaviours such as regular exercise, 2 ± 6 restricting diets 2 ± 4,7 and high vegetable consumption. 8 Some potentially health damaging behaviours such as smoking, 5 drinking habits 9 and ill health may also be associated with weight loss. Both intentional and unintentional weight loss contribute to weight variability. The importance on focusing on intentional weight loss has been recognized, 10 ± 13 but assessing intentionality of weight loss, however, is problematic. Most intentional attempts to lose weight fail and prospective studies have shown that dieting even increases the risk of long-term weight gain. 4, 14 Moreover, it is possible that environmental or behavioural changes leading to altered lifestyle can result in sustained weight loss, even without a primary`intention' to lose weight. Various environmental 15 and psycho-social issues, 3,16 ± 17 including perceived level of stress 16,18 ± 19 and general life satisfaction 19 may be important for weight development, but these factors have rarely been studied. Indeed, characteristics of those overweight subjects who maintain weight loss, either intentionally or unintentionally, are incompletely understood.
Long-term prognosis of weight reduction is poor and factors associated with sustained weight loss are inadequately understood. 10 Studies focusing on rare individuals that have been successful at losing excess weight and keeping it off provide one way of increasing our knowledge on weight loss maintenance. Existing studies using this approach are treatment studies 20 or subjects are volunteers recruited from media and mailings to weight loss programmes. 2, 15, 21 Both approaches suffer from selection bias: overweight subjects seeking treatment or volunteering probably differ from the overweight population in general. In addition, studies on successful volunteers are retrospective and treatment studies end up with small numbers of subjects. Although there are populationbased retrospective studies on weight loss maintenance, 5 prospective studies focusing on subjects successful in weight loss maintenance have not been published.
This prospective, population-based study describes the relationship between weight loss maintenance and (1) health status and use of medication, (2) healthrelated behaviours, and (3) indicators of subjective well-being among overweight subjects before and after weight loss. The goal is to characterize weight losers and potential changes in their responses throughout the study. We hypothesize that different factors may be pertinent during various phases of weight reduction. These may include factors that are relevant when still obese, possible changes after weight loss and potential outcomes of weight loss maintenance.
Subjects
The Finnish Twin Cohort and selection of subjects for the present study
The adult Finnish Twin Cohort was compiled in 1974 from the Finnish Central Population Register in order to study the relative importance of genetic and environmental effects on chronic diseases. 22 The baseline cohort comprised all same-sex twin pairs born in Finland before 1958 and alive in 1967. Subjects were mailed similar questionnaires in 1975 and 1981, and the response rates were 89% and 84%, respectively. An additional questionnaire was mailed in 1990 to twins born between 1930 and 1957, and with both co-twins alive and in Finland in 1987, with a response rte of 77%. 19 Complete information about current weight and height from all three questionnaires was obtained from 11,284 subjects. Our study focused on subjects who were clearly overweight (body mass index, BMI b 27 kgam 2 ) at baseline in 1975 (n 968). From this overweight sample the following exclusions were made: 24 women who were pregnant at baseline by a linkage to the National Hospital Discharge Register, 23 two men and one woman diagnosed with a malignant cancer before 1983 by linkage to the Finnish Cancer Registry, as well as 20 men and nine women who reported being on a disability pension in 1975. After these exclusions the ®nal sample consisted of 332 women and 579 men.
Weight loss maintainers
Subjects were classi®ed as weight loss maintainers if they had lost at least 5% of their body weight between 1975 and 1981 and were still at least 5% below their original weight in 1990. The cut point of 5% was chosen on the basis of the literature. 10 Since the 1990 questionnaire asked respondents to also report their lifetime maximum (non-pregnant) weight, we excluded one woman and one man on the basis of this information: they reported weights that were inconsistent with their earlier weight history. In addition, the subjects were in 1990 asked to give their weight 12 months and 5 years previously, and we were also able to exclude subjects with obvious weight¯uctuation: 13 women and 16 men who reported weights that were not below their original weight in 1975. We found 55 subjects (17 women, 38 men) who met the criteria for weight loss maintenance. There were only two twin pairs among men who maintained weight loss (one monozygotic, other with unknown zygosity) and none among women, and hence the analysis was done with no regard for twinship or zygosity.
Comparison groups
Two comparison groups were selected for both men and women: 
Methods

Body mass and dieting
Subjects reported their weight in kilograms and height in centimetres, which were rounded to nearest integral number. In addition, subjects were asked in 1990 to recall their weight 1 and 5 y previously, their lifetime maximum (non-pregnant) weight, weight at the age of 20 and 30 as well as weight and height of their spouse. BMI (weight in kilogramsaheight in metres squared) was used as a measure of relative weight. At baseline subjects were asked if they were currently trying to lose weight, and in 1990 subjects were asked if they had ever dieted or tried to lose weight. Those admitting dieting either in 1975 or 1990 were classi®ed as having intentional weight loss attempts in the past.
Background variables
Educational attainment was obtained from the 1975 questionnaire, employment and marital status from all three (1975, 1981 and 1990) questionnaires. In addition, subjects were asked whether they had either schoolchildren or younger children in their households in 1990. 24 Alcohol use was recorded as beverage-type speci®c items (beer, wine, spirits) with frequency and quantity, and converted into grams of absolute alcohol per day as previously reported. 25 The baseline questionnaire included additional questions about possible previous greater alcohol intake, and frequency as well as quantity of this greater intake. Current leisure-time physical activity was evaluated with identical questions in 1975 and 1981, but the 1990 questionnaire included physical activity during the travelling to and from work as a part of leisure-time physical activity. As previously, 26 leisure physical activity index (MET had) was calculated from the products of intensity Â duration Â monthly frequency. In addition, leisure time activity during the past 5 y was asked for in 1981. Dietary questions included daily intake of coffee and tea in 1975 and 1981 as well as the amount of sugar used on average in these beverages. In addition, frequency of including vegetables or fruits in meals, daily intake of high salt food items and type of spread on bread were asked in 1981.
Indicators of well-being
Life satisfaction, perceived stress and selected symptoms (sleep quality, breathlessness, musculoskeletal pains) were used as indicators of subjective wellbeing. Life satisfaction according to Allardt 27 was measured with a four-item scale on levels of interest, happiness, easiness and loneliness of life. 19 The range of the total score was 4 ± 20, higher scores indicating a less satisfying life. Those with scores of 12 ± 20 were classi®ed as very dissatis®ed. 28 Stress of daily activities was assessed by a four-item scale 19, 29 and total stress score was obtained by reversing the scale and summing scores of all items. Thus, higher scores indicate more stress in daily activities. Those with scores below 6 were classi®ed as stress-free.
The subjects were also asked whether they usually get short of breath when walking on level ground at an ordinary pace with people of their own age or when walking uphill, climbing stairs or hurrying on level ground. 30 In addition, sleep quality 31 
Statistical methods
Differences between weight loss maintainers and comparison groups were tested with a Mann ± Whitney-U, two-way t-test or Pearson's chi-square test. Changes over time within a group were tested with Wilcoxon's matched pairs signed-rank sum test. All analyses were computed with the SPSS 7.0 program and done separately for women and men.
Results
Only 5.1% of all initially overweight women and 6.6% of men lost and maintained at least 5% weight loss. The women who maintained weight loss were less often married at baseline than the re-gainers (35% vs 81%, P 0.003), but there were no other differences between the maintainers and the comparison groups in the background variables (Table 1) , including educational attainment, employment status, weight of their spouses, maximum weight during lifetime and weight in twenties or thirties. However, the men who maintained weight loss had initially higher BMI (30.0 kgam 2 ) than either the re-gainers (28.9 kgam 2 , P 0.018) or the overweight men (28.8 kgam 2 , P`0.0001), and they also lost more weight than the re-gainers (9.7 vs 7.3 kg, P 0.007). Subjects who were successful in weight loss maintenance had signi®cantly lower BMIs than the comparison groups in 1985, 1989 and 1990. Intentional weight loss attempts were reported by nearly all women and three quarters of men irrespective of ®nal weight loss outcome.
Health status and use of medication
Among men, no differences were found in selfreported health status or use of medication between the maintainers and the comparison groups at baseline in 1975 (Table 2) . However, the maintainers reported more diabetes than the overweight men in 1981 (8% vs 2%, P 0.035) and in 1990 (22% vs 8%, P 0.003). Also compared to the re-gainers, the maintainers had more diabetes (22% vs 4%, P 0.038) and more hypertension (41% vs 18%, P 0.05) in 1990. In addition, the use of medication for chronic diseases was more common among the Weight loss maintenance in adults S Sarlio-La Èhteenkorva et al maintainers, of whom 42% had obtained the right for reimbursed medication for a chronic disease by 1987 compared to only 23% of the overweight (P 0.007) and 11% of the re-gainer men (P 0.005). On the other hand, the maintainers reported use of tranquillizers less often than the re-gainers in 1981 (0% vs 16%, P 0.019) and in 1990 (3% vs 26%, P 0.009). A history of myocardial infarction was slightly more common among women who maintained their weight loss than among other women. There was also some indication of increased use of some drugs among maintainer women. In 1981, they reported more use of sleeping pills than the overweight women (24% vs 2%, P 0.001) and more pain killers than the re-gainers (94% vs 68%, P 0.043). No other differences in the health status or use of medication were observed between the women who maintained their weight loss and comparison groups Health-related behaviour Some gender-speci®c differences in health-related behaviours between the weight loss maintainers and comparison groups were observed already at baseline (Table3). Only 3% of the maintainer men reported having had a higher alcohol intake in the past compared to 19% of the overweight men (P 0.01) and 43% of the re-gainers (P`0.0001). In addition, the maintainers consumed less sugar in coffee and tea than the overweight men (5.1 vs 8.6 lumps daily, P 0.01) and those who smoked had taken up the habit at later age than the re-gainers. More healthpromoting habits could be detected in 1981: more frequent use of vegetables than the overweight men (P`0.0001) or the re-gainers (P 0.041), more frequent leisure time physical activity (P 0.033), higher MET values (P 0.001) and more frequent intensive physical activities during the previous 4 ± 5 y (P 0.001) than the overweight men, however these differences were not seen in 1990. In addition, there were no differences in alcohol use between groups in any of the three questionnaires. The overweight men increased their alcohol consumption from 1981 to 1990 (P 0.02), but otherwise changes in alcohol consumption were not signi®cant. Both the maintainers (P 0.004) and the overweight men (P 0.008) increased their coffee consumption from 1975 to 1981. A decreased intake of sugar in coffee and tea from 1975 to 1981 was reported by the overweight men (P`0.0001) and the re-gainers (P 0.008). Data on women show a different pattern. Adverse habits were associated with weight loss maintenance. Baseline data reveal that the maintainers had started smoking very young (mean 14 y) compared to the overweight women (19 y, P 0.008) or the re-gainers (21 y, P 0.023). The maintainers also had a higher consumption of cigarettes than the re-gainers (17 vs 9 cigarettes daily, P 0.013). At baseline the maintainers also exercised less frequently than the overweight women (P 0.006) and had somewhat more fre- Mann ± Whitney-U or two-way t-test for BMI, weight changes and birth year, Pearson's chi-square test for background variables: *P`0.05; **P`0.01; ***P`0.001 (maintainers compared with overweight subjects and re-gainers).
Weight loss maintenance in adults S Sarlio-La Èhteenkorva et al quently a history of higher alcohol intake in the past. In 1981, the maintainers reported more heavy drinking (18% vs 0%, P 0.025) and lower daily intake of salty foods (P 0.003) than the re-gainers. Both the maintainers and the re-gainers increased their physical activity from 1975 to 1981 (P 0.002 and P 0.003, respectively). Increased coffee consumption from 1975 to 1981 was reported by the maintainers only (P 0.022), whereas the overweight women decreased their intake of sugar in coffee and tea (P 0.004). There were no other differences in health-related behaviours between the maintainers and the comparison groups in 1981 or 1990.
Perceived well-being
Gender-speci®c differences were also seen in indicators of perceived well-being (Table 4) . At baseline the maintainer men more often had a stress-free life than overweight men (50% vs 27%, P 0.005) and lower scores for stress than the re-gainers in 1981 (6.7 vs 8.6, P 0.01) and in 1990 (6.2 vs 7.9, P 0.014). The stress scores did not change among the maintainers during follow-up, but stress decreased among the re-gainers (P 0.044) and he overweight men (P`0.0001) from 1981 to 1990. The maintainers reported less breathlessness than the overweight men when walking in 1981 (0% vs 9.7%, P 0.044) and climbing uphill (16% vs 39%, P 0.005) in 1981 and in 1990 (21% vs 40%, P 0.020). In 1990 the re-gainers reported more breathlessness than the maintainers when walking (25% vs 5.3%, P 0.021) or climbing uphill (52% vs 21%, P 0.01). There were no differences in life satisfaction scores between the men who maintained eight loss and the comparison groups. Again, the pattern was different in women. At baseline, the maintainers were more often very dissatis®ed with their life compared with the overweight women (35% vs 13%, P 0.033), and had higher mean scores which indicated a less satisfying life compared with the overweight women (P 0.017) or he re-gainers (P 0.048). Loneliness was reported by 69% of the maintainers compared to only 22% of the re-gainers (P 0.003) and the overweight women (P`0.0001). In addition, the maintainers reported more breathlessness when climbing uphill than either the overweight women (88% vs 63%, P 0.044) or the re-gainers (88% vs 54%, P 0.019). Compared to the overweight women, the maintainers also had more breathlessness when walking on level ground (35% vs 14%, P 0.039) and they were less likely to report that they usually sleep well (18% vs 46%, P 0.035). In 1981, there were no longer differences in life satisfaction, but the maintainers continued to have problems with sleep: only 12% slept well compared to 50% of the overweight women (P 0.004) and 46% of the re-gainers (P 0.019). There were no differences in stress scores between the women who maintained weight loss and comparison groups.
Among both men and women, there were no differences between the maintainers and the comparison groups in the history of back, shoulder or neck pain in 1975 or 1981. In addition, there were no Pearson's chi-square test: *P`0.05; **P`0.01; ***P`0.001 (maintainers compared with overweight subjects and re-gainers).
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Discussion
This study shows that weight loss of overweight persons is rarely maintained. Only 5% of the initially overweight women and 7% of the men succeeded in maintaining at least 5% weight loss during a 9 y period. Our ®ndings con®rm clinical observations about the dif®culty of weight maintenance 20, 33 and extend them to a general population. In men, weight loss maintenance was associated with health-related issues. Both before and after weight loss the maintainers had a low level of stress Weight loss maintenance in adults S Sarlio-La Èhteenkorva et al and showed more health-promoting behaviours than the comparison groups. Weight loss was greater than among the re-gainers, and it was accompanied by several health-promoting behaviours, including increased physical activity and more vegetables in he diet. The importance of physical exercise and other health-promoting behaviours for weight maintenance has also been found in previous studies.
2,4 ± 8 Not surprisingly, men who were successful in weight loss maintenance also reported better physical condition than comparison groups after weight loss. Healthy behaviours among some maintainers could probably be explained by chronic diseases. There was an increased incidence of diabetes and more registered rights for reimbursed medication for chronic diseases. It is possible that getting diabetes or other chronic health problems initially triggered weight loss attempts or motivated maintainers to keep weight level down. Part of he weight loss may have been unintentional given the insidious course of diabetes; the disease may have been present years before diagnosis was made.
The men who regained weight had many healthcompromising behaviours prior to weight loss, such as a history of high alcohol intake and long exposure to cigarettes. Despite parallel improvements in these behaviours and weight there was no change in health status, however. On the contrary, both after weight loss and regain these men reported use of tranquillizers more often and had higher levels of stress than the maintainers, suggesting psychological distress and reduced well-being. Both weight gain 19 and weight¯uctuation 16 have also been associated with stress previously. Stress, alcohol and smoking may stimulate the hypothalamic ± pituitary ± adrenal axis, causing endocrine abnormalities that promote visceral obesity. 34 In women, a different picture emerged. When still overweight, the maintainers were often living without a partner, suffered from loneliness and were less satis®ed with life than the other women. They also seemed to have slightly more medical problems and reported poor physical condition, low level of exercise, a long smoking history and poor sleep. Weight Mann ± Whitney-U, two-way t-test or Pearson's chi-square test: *P`0.05; **P`0.01; ***P`0.001 (maintainers compared with overweight subjects and re-gainers). a Stress scores decreased (Wilcoxon matched pairs rank-sum test) from 1981 to 1990 among overweight (P`0.0001) and re-gainer men (P 0.044).
Weight loss maintenance in adults S Sarlio-La Èhteenkorva et al loss was accompanied by positive behavioural changes such as increased physical activity and fewer cigarettes, and by less loneliness, improved life satisfaction and better physical condition. Van Gemert et al 35 reported that low initial self-esteem is associated with long-term success among surgically treated subjects. The authors suggest that those who suffer most from obesity are best motivated to lose weight. 35 This kind of phenomen could explain our results for weight loss maintainers as well. However, the maintainers continued to have problems with sleep and reported more use of sleeping pills, pain killers and`heavy' alcohol intake after weight loss. The causes for these problems and potential risk behaviour are open to speculation. They may re¯ect some form of health-related problems that we were unable to capture with our survey, such as disordered eating, substance abuse or mental problems. Nevertheless, all differences between maintainers and comparison groups had diminished by the last survey, as the maintainer women reached a similar level of wellbeing as the other overweight women. Compared with women who maintained weight loss, those who regained weight were more often living with a partner at baseline and enjoyed a somewhat healthier lifestyle with better physical condition and greater life satisfaction. It is possible that overweight women without serious weight-related problems may be less motivated to maintain weight loss.
Gender-speci®c factors behind successful weight loss maintenance may re¯ect different dimensions of weight-related problems. Women with excess weight are more likely to be stigmatized and disadvantaged in our modern societies, 36 whereas men seldom suffer from such problems. Previous studies 2, 21 indicate that women often report emotional or lifestyle triggers as a precursor of successful weight loss, whereas men report more medical reasons. It is possible that low subjective well-being may have acted as a trigger to success among our women as well. In men weight loss maintenance seems to be centred in medical problems and health-oriented behaviour only. However, men and women who succeeded in weight loss maintenance seemed to achieve either physical or psychosocial bene®ts after weight loss, whereas these rewards appear to be absent among those who had not maintained the weight loss. It seems obvious that in order to succeed in weight loss maintenance, there has to be some amelioration in the quality of life.
The presence of health-related problems and adverse habits among those with weight loss raises questions about causes and consequences of weight loss in our sample. We excluded subjects with malignant cancers and severe disabilities but it is nevertheless possible that, whether the intent to lose weight was reported or not, the weight loss was partly caused by an underlying illness such as poorly controlled diabetes in diabetic men with weight loss. Similarly, some weight loss may have ensued from adverse habits such as longer history of smoking in maintainer women. These unfavourable characteristics of subjects with weight loss could help to explain the perplexing ®nding that both unintentional and intentional weight loss are associated with increased disease prevalence 37 and weight loss is associated with increased mortality. 11 Both intentional and unintentional weight loss contribute to long-term weight changes. We chose not to con®ne our analyses to those with reported intentional weight loss since we wanted to get a comprehensive picture of those who achieve sustained weight loss in a population, irrespective of intentionality. The questions about intentional weight loss or`dieting' are problematic for several reasons. First, weight loss attempts reported by a great majority of our study subjects were not related to weight loss outcome. For instance, attempts to lose weight were equally commonly reported by diabetic persons who maintained the weight loss as among the diabetics who did not maintain it (data now shown). Furthermore, the validity of questions focusing on past dieting attempts is not established and the interpretation of questions concerning dieting may differ according to gender, education and weight status. 38 Also, intentional dieting has been associated with subsequent weight gain. 5, 14 The main strength of this study is a unique longterm follow-up of a large unselected population sample, even if the ®nal analysis involved only a small number of subjects. We could identify genderspeci®c patterns of behaviour, health and subjective well-being that differed between maintainers and comparison groups. However, because of wide range of variables examined, individual ®ndings must be evaluated with caution. Other limitations include use of self-report data, lack of information about weight uctuation and many possible causes of weight loss. It is well known that self-report data underestimate the prevalence of overweight and result in`¯at slope syndrome' i.e. overweight subjects tend to underreport their BMI, whereas thin people do the reverse. 39, 40 This phenomenon would lead to the underestimation of overweight and reduce the number of subjects chosen for our study, so the effect is likely to be conservative. Self-reported weight history was used as an additional selection criterion for weight maintainers, and subjects with obvious weight¯uctuation could be excluded. Although this type of categorization discriminates weight cyclers from weight losers better than statistical measures of weight variability, 41 it is possible that the data still include maintainers who had temporarily regained weight. Finally, the causes of weight loss are not known. However, as our purpose was just to characterize those rare individuals who show sustained weight loss in this prospective, population-based sample of overweight adults, further studies are clearly needed to evaluate causal relationships.
In conclusion, predictors of successful weight loss maintenance appear to be gender-speci®c. In men, Weight loss maintenance in adults S Sarlio-La Èhteenkorva et al medical problems and in women psycho-social issues appear to be important for weight loss maintenance. High prevalence of medical problems or health-compromising behaviour among those who lose weight may partly explain the increased mortality found in some weight loss studies. More prospective long-term studies are clearly needed to evaluate determinants and consequences of sustained weight loss.
